Introduction {#sec1}
============

On December 2019, several cases of pneumonia with unknown etiology occurred in Wuhan, Hubei, China ([@ref1]), and the disease quickly spread to the whole country and all over the world. As of 20 March 2020, the Chinese government officially announced a total of 81 307 cases had been confirmed of COVID-19 in China, killing 3253 people. Moreover 164 556 cases had also been cumulatively reported in 173 countries outside China. The pathogen was identified as a novel coronavirus (2019 novel coronavirus); full-length genome sequencing showed that the sequence of this virus was 79.6% consistent with that of SARS (severe acute respiratory syndrome) coronavirus ([@ref2], [@ref3]). The World Health Organization (WHO) named the virus SARS-COV-2 and declared the disease (coronavirus disease 2019, COVID-19) a public health emergency of international concern ([@ref4]).

As the effective reproductive number (R0) is estimated to be higher than the reported effective reproductive number of SARS at the early stage, SARS-COV-2 has higher levels of transmissibility and pandemic risk than SARS-COV ([@ref5]). The latest guidelines from the National Health and Health Commission of China stated an average incubation duration of 7 days, ranging from 2 to 14 days ([@ref6]). The primary patients with COVID-19 remain the main source of infection. However, asymptomatic carriers and those in the incubation period may also be infectious ([@ref7]). Clusters of infected family members and medical workers confirmed the presence of human-to-human transmission by respiratory droplets, contact and fomite ([@ref3], [@ref7]). Besides, it can also transmit through aerosols when exposing to high concentrations of aerosols for a long time in a relatively closed environment ([@ref6]).

In the early stage of the epidemic, the number of infected people doubles every 7.4 days ([@ref7]). In addition to confirmed infections, there were hundreds of thousands of suspected patients in Wuhan, Hubei. Admission to hospital of so many patients at the same period put a lot of pressure on hospitals and caused potential cross-infection among individuals including patients and medical workers. Wang et al. showed 41.3% of confirmed cases were presumed to have been infected by hospital-associated transmission at Zhongnan Hospital affiliated to Wuhan University, including 40 health professionals ([@ref8]). In addition, on 3 February 2020, the cluster epidemic at the cardiology department of Fuxing Hospital of Xicheng District of Beijing was reported to confirm a total of 36 cases infected, including 17 medical workers. Statistic data have shown a total of 3387 medical workers were infected with COVID-19, 90% of them was from Hubei ([@ref9]). Hospital-associated transmission and the followed quarantine may paralyze an entire medical institution.

Therefore, the medical services were obviously affected because of the lack of doctors and enforced quarantine during the outbreak of the epidemic. Among them, patients with malignant tumors have high risk in COVID-19 epidemic due to their immunosuppression status and requirement of frequent access to hospital. The outbreak of COVID-19 makes the medical treatment of cancers difficult. For example, maintenance chemotherapy and/or immunotherapy treatment for patients with advanced cancer is often suspended. Here we share the experience of the medical management of cancer patients from China. However, clinicians should make individual clinical decisions based on the specific state of each patient and the local epidemic situation.

Threat of COVID-19 for patients with cancer {#sec2}
===========================================

In general, the cases with cancer are usually old people with systemic immunosuppressive state caused by malignancy and anticancer therapies, who are more susceptible to viral infection compared with those without cancer. It was reported that the mortality of viral pneumonia in patients with tumors was significantly higher than that of patients without tumors, with the mortality of coronavirus pneumonia being 24.4 and 3.0% in the two groups, respectively (*P* \< 0.01) ([@ref10]). Of the 138 hospitalized patients with COVID-19 in Zhongnan Hospital, there are 10 (7.2%) patients with cancer ([@ref8]). Among the 72 314 COVID-19 cases reported by the Chinese Center for Disease Control and Prevention (CDC) in mainland China as of 11 February 2020, 107 (0.5%) patients have the co-exist disease of tumor, among which 6 person died; the crude mortality rate in patients with cancer (5.6%) is higher than that of the general population (2.3%) ([@ref11]). Moreover, in the study by Liang and his colleagues, the incidence of cancer in COVID-19 cases was higher than that in the overall Chinese population (1.3 vs. 0.29%). In addition, compared with cases without cancer, cases with cancer had a higher risk of severe events (39 vs. 8%) and deteriorated more rapidly (median time to severe events 13 vs. 43 days). Moreover, cases who received chemotherapy or surgery in the past month had a higher risk of severe events compared with those who did not (75 vs. 43%) ([@ref12]). These data show that COVID-19 infection may pose a greater threat to patients with cancer than those without cancer.

Although the percentage of cases with cancer in the COVID-19 cohort was higher than that of the overall population, it is not sufficient to conclude that case with cancer had a higher risk of COVID-19 ([@ref13]). And according to Wang et al., all the people are susceptible to COVID-19, and the existing data could not demonstrate that tumor is the susceptibility factor of COVID-19. Meanwhile, since the average age of tumor patients (63.1 years old) was significantly greater than that of non-tumor patients (48.7 years old), old age may be the factor influencing the poor prognosis of COVID-19. In addition, Wang et al. believe that the greatest risk for patients with cancer during the COVID-19 epidemic is that they cannot receive the necessary treatment due to the impact of the epidemic ([@ref14]).

In conclusion, although it is unclear whether cancer directly increases the incidence and risk of COVID-19 infection, it is certain that the prevalence of COVID-19 will have a significant impact on cancer patients both in terms of infection and receiving treatment for cancer. Therefore, the admission and treatment of patients with cancer need to be adjusted according to the local epidemic situation.

Suggestions for treatment of cancers in COVID-19 epidemic (what we learn) {#sec3}
=========================================================================

Lung cancer {#sec4}
-----------

### Bronchoscopy {#sec5}

Lung cancer is the leading cause of worldwide cancer mortality. COVID-19 epidemic seems to make the effective diagnostic and therapeutic management for lung cancer more difficult because of the high risk of interference of COVID-19, which needs to be highly concerned by clinicians ([@ref15]). Bronchoscopy remains an important diagnostic tool in patients with lung cancer. However, as an aerosol-generating procedure, it could pose a high risk of infection to proximate healthcare staff. Thus, careful preparation and precautions are necessary, such as elective bronchoscopy should be postponed, measure the temperature and ask the history of travel and COVID-19 patient contact before the procedure, and perform the RT-PCR for SARS-CoV-2 before the procedure as much as possible ([@ref16]). Lung cancer is associated with high COVID-19 prevalence, morbidity and mortality due to specific conditions that represent cumulative risk factors for COVID-19 complications, including old age, severe cardiovascular and respiratory complications, smoking and related lung injury ([@ref17]).

Non-small cell lung cancer {#sec6}
--------------------------

### Early stage {#sec7}

Surgery is a definitive treatment for early stage non-small cell lung cancer (NSCLC). The delay of surgery because of COVID-19 epidemic may significantly affect the prognosis of patients with early stage lung cancer. Therefore, experts of thoracic surgery department suggest that surgery for patients with early lung cancer should be carried out as early as possible once they are completely ruled out of infection of COVID-19. If there are any suspected symptoms of COVID-19 of the patients, SARS-COV-2 nucleic acid detection should be done to rule out infection before surgery ([@ref18]). For patients requiring adjuvant therapy after lung cancer surgery, studies have shown that the interval between adjuvant therapy and surgery is not related to the therapeutic effect, and even starting adjuvant chemotherapy 4 months after the surgery can still benefit from it ([@ref19]). Therefore, it is recommended to appropriately extend the interval between adjuvant therapy and surgery during the outbreak of COVID-19 ([@ref19], [@ref20]). For patients with postoperative N2 lymph node metastasis of EGFR-mutated lung cancer, targeted therapy may also be one of the adjuvant treatment options. According to ADJUVANT/CTONG1104 trial, adjuvant gefitinib led to longer disease-free survival with reduced myelosuppression risk compared with that for vinorelbine plus cisplatin in patients with completely resected stage II--IIIA EGFR-mutant NSCLC. Meanwhile, the orally administered EGFR-TKI drugs could be taken by patients at home, thereby reducing the risk of cross-infection caused by repeated hospital visits ([@ref20], [@ref21]).

### Advanced stage {#sec8}

A questionnaire survey was conducted among lung cancer experts from all over the country by the Lung Cancer Committee, Respiratory Society, Chinese Medical Association and Chinese Respiratory Tumor Cooperative Group to establish the guidelines for patients with advanced NSCLC during the epidemic ([@ref22]). The guidelines suggested that (i) the infection should be treated first for patients who are infected with COVID-19 and all anticancer therapy should be discontinued for severe patients. For mild and moderate patients, continuing or suspending targeted therapy could both be considered; chemotherapy and immunotherapy is not recommended. (ii) For patients cured from COVID-19 treatment, targeted therapy is recommended to be started 2 weeks after pneumonia cure; chemotherapy, immunotherapy and intravenous anti-angiogenesis therapy are recommended to be started more than 4 weeks after pneumonia cure. (iii) For advanced NSCLC patients without COVID-19 infection, routine antitumor therapy is recommended.

It should be noted that the symptoms and imaging features of interstitial pneumonia caused by immunotherapy are quite similar to those of COVID-19 pneumonia and it's rather important to distinguish immunotherapy-induced interstitial pneumonia from COVID-19. As COVID-19 has been widespread in the world, it is difficult to distinguish them accurately just with the epidemiological history and etiology any longer. Then, RT-PCR (real-time polymerase chain reaction) detection for SARS-COV-2 should be performed actively in these patients. Meanwhile, immunotherapy should be undertaken with caution in the special epidemic period to avoid this problem ([@ref20], [@ref22]). Instead, if the pneumonia is mild, simultaneously EGFR-TKI therapy and antiviral therapy may be safe for patients infected with COVID-19. It's reported that a patient with NSCLC was treated with Kaletra (lopinavir/ritonavir) and osimertinib at the same time after the diagnosis of mild COVID-19 infection; 2 weeks after Kaletra treatment, pneumonia was cured and the tumor remained stable ([@ref23]). However, in the randomized, controlled, open-label trial evaluating the efficacy of lopinavir/ritonavir in patients with confirmed SARS-CoV-2 infection, there is no difference in the time to clinical improvement between lopinavir/ritonavir and standard treatment \[hazard ratio for clinical improvement, 1.24; 95% confidence interval (CI), 0.90--1.72\] ([@ref24]). The case report had suggested that the combination of lopinavir/ritonavir with osimertinib resulted in virologic clearance and stable tumor. However, because convincing data about the efficacy of this approach in patients with confirmed SARS-CoV-2 infection and NSCLC is lacking, future trials are needed to further identify the safety of targeted therapy combined with antiviral therapy.

Small cell lung cancer {#sec9}
----------------------

Small cell lung cancer (SCLC) progresses rapidly, and the median survival time of patients with extensive stage SCLC is only 9--11 months. Delayed treatment will lead tumor progression and worse prognosis in patients with extensive stage SCLC. Therefore, for patients with extensive stage SCLC, regular chemotherapy should be carried out in local hospitals on the premise of excluding COVID-19. If the disease progresses, chemotherapy regimens can be adjusted according to the condition, and oral anlotinib is also an option in China, which has been approved by the National Medical Products Administration only in China as a third-line or beyond therapy for SCLC based on the results of the phase II clinical trial (ALTER 1202) ([@ref20], [@ref25]).

Digestive tumors {#sec10}
----------------

### Endoscopy {#sec11}

During the outbreak of COVID-19, it should be careful to conduct endoscopy for medical institutions because there is a relatively high risk of cross-infection ([@ref26]). This brings difficulties in the diagnosis and treatment of digestive tract tumors. Yun Zhang ([@ref27]) suggested that noninvasive inspections should be preferred in the diagnosis of digestisve system cancers during the outbreak, such as by MRI and PET-CT imaging examinations and tumor markers in the laboratory and needle biopsy of metastatic lesions when necessary. For patients who must undergo endoscopic examination, COVID-19 should be completely excluded first.

### Early and local advanced stages {#sec12}

For endoscopically resectable malignant tumors of the digestive system, due to the slow growth of early tumors, appropriate delayed resection during the epidemic period has no significant impact on the prognosis of tumors. For operable esophageal, gastric and colorectal cancers, 2--4 cycles of neoadjuvant therapy could be selected, followed by surgery after the epidemic is over. However, surgery should be performed as early as possible after assessing the risk of COVID-19 in patients with bleeding, perforation, or obstruction. It is recommended to choose a long cycle chemotherapy regimen of 3--4 weeks in neoadjuvant therapy during the epidemic period to shorten hospital exposure time and reduce the risk of infection. In the period of neoadjuvant chemoradiotherapy for esophageal cancer and rectal cancer, it is recommended to choose long-term radiotherapy to reduce the waiting time for surgery after chemoradiotherapy. For patients with early tumors of the hepatobiliary and pancreatic systems, surgery as early as possible is recommended on the premise of assessing the risk of COVID-19 due to their relatively rapid progression and poor outcome of chemotherapy ([@ref27]). For colorectal cancer, laparoscopic surgery should be the first choice to reduce the risk of virus exposure. Meanwhile, in order to reduce the infection fever caused by anastomotic leakage after digestive tract reconstruction, it is recommended to perform preventive stoma for patients with risk factors of anastomotic leakage, but the risk of virus infection during the postoperative care of enterostomy should be considered during the epidemic ([@ref28]).

### Advanced stage {#sec13}

Advanced tumors of the digestive system progress relatively quickly, and systemic treatment is the main option. During the outbreak, it is recommended to choose the treatment with long interval and short stay in hospital; oral chemotherapy or targeted therapy should be preferred. In the AXEPT research for metastatic colorectal cancer, the efficacy of irinotecan combined with capecitabine was not inferior to FOLFIRI. Therefore, CapeOX and XELIRI should be preferred for patients with metastatic colorectal cancer in the context of COVID-19 epidemic ([@ref27], [@ref29]).

Breast cancer {#sec14}
-------------

As most breast cancer is a chronic disease, professor Xu suggested that appropriate countermeasures should be selected according to the regional epidemic severity and status of tumor disease. In the severe epidemic areas of COVID-19, stable breast cancer patients may appropriately postpone the admission for review or treatment. For breast cancer patients undergoing postoperative adjuvant chemotherapy, there was no difference between starting adjuvant chemotherapy 90 and 30 days after surgery in efficacy. Deferment of medication for 4--6 weeks will not significantly affect the efficacy for patients receiving oral endocrine drugs or maintenance therapy with trastuzumab, while, for patients requiring pharmacologic ovarian function suppression, a long-acting preparation once every 3 months can be used to reduce the number of patients' visits. For patients with advanced breast cancer, individual treatment plan should be performed according to the patient's situation. Endocrine therapy or oral chemotherapy drugs can be considered to replace the intravenous treatment, so as to ensure the continuity of treatment during the epidemic ([@ref30]).

Hematological malignancies {#sec15}
--------------------------

As COVID-19 spreads widely in the community, the unique impact on hematology patients and the practical measures should be urgently taken into consideration to reduce their risk during ongoing treatment. Patients who are conducted outpatient hematopoietic cell transplantations (HCTs) should remain near the transplant center. While community transmission of COVID-19 has been confirmed, patients with HCT who are actively undergoing conditioning or treatment at the pre-implantation stage can be admitted early. The Worldwide Network for Blood and Marrow Transplantation (WBMT) recommends postponing non-emergency HCT in endemic or high-frequency COVID-19 infected areas ([@ref31]). In the absence of vaccines or effective antiviral drugs at this stage, personal protection should be emphasized to the greatest extent, and good hygiene should be maintained for patients at home but still receiving immunosuppressive treatment. For patients who had a requirement for chemotherapy, regular chemotherapy should be carried out in local hospitals on the premise of excluding COVID-19.

Recommendations for screening COVID-19 for cancer patients upon admission {#sec16}
=========================================================================

In the early stage of the epidemic, cross-infection in hospital is one of the most risk for patients and medical workers, so it is very important to screen COVID-19 patients as soon as admission of patients for cancer hospitals. Because the most common symptom of COVID-19 infection is fever, a study with 1099 COVID-19 patients showed that 88.7% had fever ([@ref32]). As a consequence, our hospital has developed an admission screening process according to this symptom ([Fig. 1](#f1){ref-type="fig"}). First, temperature tests are performed at the entrances of the hospital, the outpatient clinic and the wards. And the contact and travel histories regarding the epidemic area of all individuals are recorded. Second, for patients preparing to be admitted, mandatory routine blood tests and high-resolution computed tomography scans of the lungs are performed. COVID-19 virus nucleic acid tests and IgM/G ELISA will be carried out for patients with suspected pneumonia on computed tomography imaging. Third, the confirmed cases will be transferred to the designated hospital. Patients excluded from COVID-19 will receive antitumor treatment.

![Admission screening process of COVID-19 for cancer hospitals.](hyaa077f1){#f1}

The patients that met screening criteria for COVID-19 include those with influenza-like symptoms (such as fever, sore throat or cough), significant respiratory symptoms (such as, shortness of breath) and/or exposure risk to COVID-19 ([@ref33]). As the asymptomatic COVID-19 infection had been widely documented in the literature ([@ref34], [@ref35]). We suggested currently that the RT-PCR test should be carried out for all patients with potential exposure history even without any respiratory symptoms.

In the screening of COVID-19 infections, it should be noticed that the detection sensitivity of SARS-COV-2 by RT-PCR was not high enough. The sensitivity for a single respiratory swab was 70% and can increase to 94% with a second test, and 98% with a third test ([@ref36]). Thus, repeating testing may be important and necessary to make a diagnosis of COVID-19 ([@ref37]). In the case of poor detection sensitivity of RT-PCR, the pulmonary CT findings are of great value for the early diagnosis of COVID-19. Multiple reports have revealed the significance of CT chest with a higher sensitivity in early detection of COVID-19 cases. In most cases, concordant CT scan and PCR test results were used to diagnose COVID-19 ([@ref38]). In the study involved 1014 SARS-CoV-2 patients, 59% of which had positive RT-PCR, while 88% had positive CT scan. The sensitivity of chest CT imaging was 97%, which is higher than that of RT-PCR ([@ref39]). Therefore, in the admission screening of COVID-19 for cancer patients, attention should be paid to the chest CT performance. However, the dose delivered to patients through CT scans is much greater than that produced by modalities including plain radiograph, which may cause serious problems in the future, including carcinogenesis and heritable issues ([@ref40]).

The National Lung Screening Trial (NLST) from the USA showed low-dose computed tomography (LDCT) can reduce the mortality of lung cancer, which is a safe tool for screening ([@ref41]). And international academic organizations and many medical institutions have proposed low-dose spiral CT screening and developed corresponding screening guidelines ([@ref42]). The median duration of IgM antibody produced against SARS-CoV-2 was 5 days. IgM detection resulted in a higher efficiency compared with qPCR detection after 5.5 days of symptom set. The positive rate of IgM ELISA assay accompanied with qPCR is significantly increased compared with a single qPCR test, including in subclinical cases ([@ref43]).

For those patients whose imaging cannot exclude COVID-19, further judgment should be made based on the patients' epidemiological history, clinical symptoms and complete blood count (CBC) results. Suspected cases should be isolated and treated as soon as possible.

Conclusion {#sec17}
==========

COVID-19 is a major global human threat that has turned into a pandemic and has specifically high morbidity in the elderly and in comorbid populations. Cancer patients may be more susceptible to infection, and tumor history is defined as an important factor of poor prognosis, which challenges both doctors and patients. However, the countermeasures of integrative cancer therapy in the epidemic of COVID-19 are not fully understood and more clinical studies are needed. During the epidemic, in addition to assessing the stage of the tumor and the status of the patient, treatment of the tumor needs to make necessary adjustments according to the local epidemic status to reduce the risk of tumor progression and COVID 19 infection ([@ref44]).

Under the epidemic of COVID-19 worldwide, it is very important to balance the effective prevention of cross infection of COVID-19 and the rational arrangement of anticancer treatment. As the spread of COVID-19 in China is effectively controlled after taking strict prevention and control measures, medical work gradually returned to normal, including anticancer treatment. However, because the cases imported from outside mainland China and asymptomatic infected persons may also be infectious, the contact and travel histories regarding the epidemic area of all individual record is always needed in controlled phase. And COVID-19 virus nucleic acid tests should be carried out for patients preparing to be admitted if available. Overall, to ensure the normal treatment of patients with cancer and simultaneously avoid cross infection of COVID-19, more attention should be paid by clinicians to meet the challenges of different COVID-19 epidemic phases.
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